Summary We have previously reported that irradiation of the abdomen of mice before i.v. injection of both immunogenic and nonimmunogenic tumour cells is capable of suppressing their ability to form metastatic lung nodules in a time and dose-dependent fashion. Experiments with segmental exposure indicated the target organ to be located in the ventral half of the abdomen. The effect has now been shown positively to depend upon irradiation of the caecum, and can be abolished either by shielding the caecum from irradiation or by surgically removing it prior to irradiation. Further experiments have shown that the effect cannot be elicited in germ-free mice and that its magnitude is markedly reduced in animals given gut-sterilizing antibiotics. Splitdose irradiation only slightly reduced the magnitude of suppression, provided both doses were given within the time window of effectiveness of single doses. Tumour-growth retardation was observed and spontaneous lung metastases were also suppressed when tumour-bearing mice received abdominal irradiation 7 days after tumour cell transplantation into the leg. However, abdominal irradiation did not significantly reduce subsequent tumour transplantability by the s.c. or i.p. routes. The experimental data are consistent with a mechanism by which transmigration of enteric bacteria across the radiation-damaged mucous membrane of the caecum effectively results in an endogenous infusion of endotoxin.
In a previous paper (Ando et al., 1980) , we reported a phenomenon termed abdominal irradiation-induced inhibition of metastases (AIRIM) by which preirradiation of the abdomen of mice reduced the number of artificial lung metastases produced by i.v. injected syngeneic tumour cells in a radiation dose-and timedependent fashion. The most marked reduction was observed when the abdomen was irradiated with 12Gy 137Cs y-rays 7 days before i.v. tumour cell challenge. The target organ in the abdomen that had to be irradiated to exert AIRIM was then tentatively identified as the gut. In the present series of experiments, we have precisely localized the target organ within the gut as the caecum, and have investigated the mechanism by which the effect is mediated. We also report on split-dose radiation experiments and studies of the effect of abdominal irradiation on the development of spontaneous metastases from tumours transplanted into the leg, and on the kinetics of transplantation by the s.c. and i.p. routes.
Animals used were 8-to-16 week old C3Hf/Kam and C3Hf/He MsNrs male mice, produced in specific pathogen free (SPF) facilities. For some experiments germ-free mice of the MsNrs substrain were used. A (new) fibrosarcoma of spontaneous origin (NFSA), which arose in a C3Hf/Bu female mouse, was kept in liquid nitrogen, of which the 13th generation transplant was used throughout these experiments. The procedure to make single cell suspensions from this tumour has been described previously (Ando et al., 1979) . Briefly, tumours were removed and minced with scissors. The mince was then added to a beaker containing 30 ml Solution A (8.0 g NaCl, 0.4 g KCI, 1.0 g glucose, and 0.35 g NaHCO3 in 1 litre H20) with 0.4% trypsin, 0.08% pancreatin, and 10mg DNase. The first agitation (5min at 37°C) was discarded because of the presence of dead cells and debris. The second agitation (15min) was passed through a Swinney filter and resuspended with McCoy's 5A medium containing 5% foetal calf serum (FCS).
Viability of these cells was always >95%. For lung colony assay, -2 x I05 viable cells suspended in McCoy's 5A medium with 5% FCS were injected i.v. For TD5 assays, appropriate serial dilutions of cell suspensions were prepared and injected.
Radiation
For partial irradiation of the intestine, a 137Cs yray unit with a dose of 9.7Gymin-m (two-opposed sources) was employed. Under Nembutal anesthesia (58.8 mg/kg), specified parts of the gut were exteriorized and placed within the radiation field (3cm diameter) with build-up material (MIX-D). The gut was immersed in saline throughout the period of irradiation.
For whole abdominal irradiation, we used 137Cs units with dose rates of 0.9 Gy min -1 or 9.7 Gy min 1, and a 250KVp X-ray machine (HVL 1.2mm Cu, FSD 60 cm) with a dose rate of 0.7 Gy min-'. For the X-ray beam, 3 mm of lead was used to shield the head, chest, and legs. This resulted in a dose to the chest measured by TLD of <8% of the dose specified to the abdomen.
Caecectomy
Under Nembutal anesthesia, the caecum was exteriorized and surgically removed, care being taken not to injure the mesenteric blood vessels. Mice received no antibiotics, and 80% survived to be used in experiments 2 to 3 months later.
Antibiotic therapy
In experiments to investigate the role of microbial flora on AIRIM, antibiotics were administered via the drinking water continuously from 2 days before abdominal irradiation until the day of sacrifice. In the first experiment, either the small intestine (jejunum and ileum) or PEC were irradiated with 12 Gy y-rays (Table IA) . Neither of these procedures exerted AIRIM; the stress of sham irradiation of the small intestine slightly increased the number of lung colonies found (group 1 vs 2). In the second experiment, either the small intestine or the caecum was irradiated (Table IB) . Irradiation of the small intestine again did not reduce the number of lung colonies but caecal irradiation did so significantly (Group 4, P<0.001). Irradiation of both small intestine and caecum also reduced the number of lung colonies (Group 2), presumptively identifying the caecum as a target organ for AIRIM.
The question as to whether the caecum is the only target or whether other parts of the large intestine were also involved was answered by the following experiments (Table IC) . In the first, the caecum and small intestine were exteriorized and shielded while the abdomen, with the remainder of the large bowel in situ, was irradiated (i.e., irradiation of the "empty abdomen"). The number of lung colonies was not significantly reduced by this procedure (Group 1 vs 5). However, when the exteriorized small intestine and caecum were irradiated in addition to the "empty abdomen", the number of lung colonies was significantly reduced (Group 6, P<0.001) compared with shamirradiated controls. Finally mice whose caecum had been surgically removed were found not to respond to abdominal irradiation (Table ID, Group 3 vs 4) while agematched controls clearly did so (Group 1 vs 2). Thus, the caecum was established to be the essential target organ for AIRIM.
Test for AIRIM in germ-free mice or antibiotic treated mice
To determine whether the microbial flora of the caecum was implicated in the mechanism of AIRIM, the following experiments were performed. In the first, regular SPF mice were compared with germ-free animals. Abdominal irradiation with 10.2 Gy X-rays was followed 7 days later with i.v. injection of 5 x 104 or 2 x 105 NFSA cells. The results, set out in Table II show that AIRIM was not observed in germ-free animals; in fact, the yield of lung colonies was slightly increased by abdominal irradiation.
The second experiment compared regular SPF animals against the same animals treated with antibiotics to achieve bacterial decontamination of the gut. Antibiotic therapy was administered via the drinking water using the combination described under Materials and methods. The results (Table  III) showed substantial impairment of AIRIM (ust short of statistical significance) in antibiotic-treated mice, supporting the hypothesis that enteric microorganisms were implicated in the effect. 
Split dose irradiation
In our previous report (Ando et al., 1980) , we showed that 12Gy 137Cs y-rays (equivalent to 10.2Gy X-rays) significantly reduced lung colonies while 6 Gy (equivalent to 5.1 Gy X-rays) had no apparent effect. We therefore examined the temporal relationship of splitting an "effective dose" (10.2 Gy X-rays) into 2 individually "noneffective doses" (5.1 Gy + 5.1 Gy). In a preliminary experiment, 2 doses of 5.1 Gy were separated by an interval of either 2 days (7 and 5 days before i.v. challenge with 2 x 105 cells) or 7 days (14 and 7 days before challenge) ( Table IV) .
The number of lung colonies with the first schedule (Group 4) was reduced as much as that following a single dose on day-7 (Group 2). However, a 7-day split resulted in no reduction of lung colonies at all (Group 5).
The fact that the efficacy of 2 individually noneffective doses depended on the time interval between the doses led us to perform a detailed time course study. All mice except the control group received one dose of 5.1 Gy to the abdomen 7 days before i.v. challange with 2.2 x 10i NFSA cells. Each group received additional abdominal irradiation (another dose of 5.1 Gy) either 2-11 days before, or 2-6 days after the fixed dose. As seen in Figure 1 , mice receiving the variable dose 2 days before, or 2 days after the tixed dose showed AIRIM while those receiving the variable dose 6-11 days before, or 4-6 days after the fixed dose did not. Mice that received their second dose 6 days after the fixed dose (i.e., 1 day before i.v. challenge) developed more lung colonies than unirradiated controls. 110.2 Gy, 250 KVp X-rays 7 days before (1) or 7 days after (3) transplantation of 5 x 105 NFSA cells into the leg. NS = not significant. from leg tumours was counted (Table V) . Mice receiving irradiation on day 7 developed significantly fewer metastases than did unirradiated controls (P<0.01). Day 14 radiation also reduced lung metastases but the difference was not significant. It was noteworthy that the size of the leg tumours at sacrifice in the irradiated mice was also smaller. We confirmed this effect of abdominal irradiation on leg tumour growth in the following experiments. Mice received 10.2 Gy X-rays abdominal irradiation either 7 days before or 7 days after leg tumour transplantation. Tumours were measured by calipers once a week (Table VI) . In mice receiving the irradiation 7 days after transplantation tumour volumes were consistently smaller than those in unirradiated controls. Abdominal irradiation 7 days before transplantation did not affect tumour growth. The scattered dose delivered to leg tumours from abdominal irradiation (<0.82 Gy) was not responsible for this retardation of growth as 1.2Gy 137Cs y-rays given locally to day 7 leg tumours did not affect their growth (data not presented).
Discussion
The experiments reported in this paper yield the following main conclusions:
(1) Irradiation of the caecum was essential for AIRIM.
(2) The effect apparently depended upon the presence of microbial flora in the intestine at the time of irradiation, since it was not seen in germfree mice, and was inhibited by antibiotic therapy.
(3) Split-dose irradiation only slightly reduced the magnitude of AIRIM provided both doses were given within the time window of the effectiveness of single doses.
(4) Spontaneous lung metastases from primary leg tumours were also reduced by appropriately timed abdominal irradiation, though to a lesser extent than lung colonies from i.v. injected cells. (Andervont, 1936) . Parr et al. (1973) investigated the effect of endotoxin administration before tumour cell challenge and found that its effect depended both on the timing of endotoxin injection and the route of tumour cell challenge. Thus, lOg endotoxin given i.p. 3 or 7 days before i.p. injection of tumour cells yielded marked protection, but no protection was afforded by endotoxin given 1 day before tumour cells. For transplantation by the s.c. or i.d. routes, endotoxin was ineffective at all times. These results were interpreted as reflecting the accumulation of endotoxin-activated macrophages within the peritoneal cavity, but not in the skin or subcutaneous tissues.
We believe that the mechanism of AIRIM is most likely due to similar activation of pulmonary macrophages by appropriately-timed endogenous exposure to endotoxin. The requirement for each half of a split dose of irradiation to be given 7 + 2 days before i.v. tumour cell challenge to provide protection is consistent with this hypothesis. Also consistent is our observation that the TD50 for s.c. transplantation was unaffected by abdominal irradiation. The one discrepant result is the unchanged TD50 for i.p. transplantation that could well be due to depletion of macrophage precursors by the abdominal irradiation.
Our demonstration of inhibition of spontaneous lung metastases by appropriately-timed abdominal irradiation may have two non mutually-exclusive components. On the one hand, the growth rate of established "primary" tumours in the legs of mice receiving abdominal irradiation was reduced (consistent with endotoxin administration), thus reducing the pool of tumour cells free to disseminate. On the other hand, activation of pulmonary macrophages may have inhibited the growth of cells subsequently seeded to the lungs. Consistent with this possibility, reduction of lung metastases was most marked when irradiation was given on Day 7 after late tumour implantation (i.e. before dissemination had occurred) than on Day 14.
Experiments are currently under way to test directly the endogenous endotoxin hypothesis with regard to the mechanism of AIRIM, and these will be reported later.
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